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ANTICOAGULANT/ 
PLASMA 
STORAGE BAG 



The system includes a needle (72) 
(or other cannula-Iike device) for insertion 
into a vein of the donor and drawing whole 
blood therethrough, a variable-volume ro- 
tor (2a) for holding the blood after it is 
drawn, and a motor (50) for spinning the 
rotor so as to cause the blood to separ- 
ate into components, for example, plasma 
and red blood cells. The system also pro- 
vides for a container for collecting a sep- 
arated component. In a preferred embod- 
iment two containers are used: the first 
container (92) for containing an antico- 
agulant, which is preferably added to the 
whole blood as it is drawn from the donor, RBC 
and then for storing the plasma after it has STORAGE 
been separated from the red blood cells, BAG 
and the second container (91) for storing 
the separated red blood cells. The system 
further includes tubing (73), which may 
have valving (81) built into it and which 
may be acted on externally, so as to di- 
rect the blood components in the desired 
manner. The tubing connects the needle 
(72), the rotor (2a), and the first and sec- 
ond containers (92. 91 ). With the valving, 
the tubing is able to permit (i) the flow of whole blood from the needle (72) to the rotor (2a). (ii) the flow of anucoagulant from the first 
container (92) to the whole blood flowing from the needle to the rotor, (iii) the flow of plasma from the rotor to the first container and 
(iv) the flow of red blood cells from the rotor to the second container (91). The motor (50) and the valving are preferably controlled by 
an electronic controller. Preferably, the system also includes a pump (61). which is also controlled by the controller, and which forces the 
biood components out of the rotor (2a) to the tubing. The pump is preferably able to draw the whole blood into the rotor. 
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BLOOD COLLECTION AND SEPARATION SYSTEM 

DESCRIPTION 

5 

Technical Field 

This invention relates to a method of whole-blood collection and the preparation 
of components therefrom following collection. 

10 Background Art 

In the conventional method of whole blood collection, a needle is placed in a vein 
in the donor's arm and whole blood flows by gravity into a bag which holds a quantity of 
anticoagulant solution, which prevents the blood from clotting. When a unit of whole 
blood, defined in the United States as 450 milliliters (ml), has been collected, the needle is 

15 removed from the vein and the blood bag is set aside for later transfer to the processing 
laboratory of the blood center. 

It should be noted that the ratio of anticoagulant to whole blood is approximately 
one to seven; thus the amount of anticoagulant in the bag is 63 ml. It should also be noted 
that > the ratio of anticoagu l ant to whole blood u on e lo seven after a mil unit has 

2 0 been collected, the ratio of anticoagulant to whole blood is considerably higher than one 

to seven at the beginning of the collection. The red cells flowing into the collection bag at 
the beginning of the collection are, therefore, subject to "anticoagulant shock", which has 
the effect of damaging some of the red cells. As the collection proceeds, the ratio 
decreases. 

25 In the processing laboratory, a technician places the bags of whole blood into a 

large, swinging bucket centrifuge, which must be carefully balanced as the bags are 
loaded. The centrifuge is started and the bags are spun at a high rate of speed. In the first 
centrifugation, the red cells, which are the heaviest component, are forced to the bottom 
of the bag while the platelet-rich plasma, which is lighter, rises to the top. When the bags 

3 0 are removed from the centrifuge, they must be handled carefully so as to avoid remixing. 

The technician next places each bag in an "expressor" consisting of two rigid 
plates that are joined by a spring loaded hinge. One of the plates is fixed and the other is 
moveable. The blood bag is positioned between the two plates and the spring catch 
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released causing the moveable plate to press against the bag. A port on the top of the bag* 
is then opened and the platelet-rich plasma is expressed into an attached, empty bag. 
When the technician observes that red cells are about to reach the outlet port, the 
expression is stopped and the tubing clamped. 
5 If platelets are to be separated, the bags containing the platelet rich plasma are 

returned to the centrifuge, the load is again balanced and a second spin begins, this time at 
a higher speed This spin forces the platelets to the bottom of the bag and allows the 
lighter plasma to rise to the top. The expression process described above is then repeated 
so that the platelets can be diverted to a separate bag for storage. There are other 

10 variations of these blood-component collection and separation processes, including a 
process for collecting a buffy coat from the blood; all of the variations use centrifugation 
techniques similar to those described above. Although various devices have been 
developed and marketed whose function is to minimize the amount of labor required in 
the expression of components from one bag to another, these devices do not eliminate the 

15 centrifugation step described above. Furthermore, these devices are designed to be used 
in the component-preparation laboratory of the blood center and not at the point of whole 
blood collection. 

It will be appreciated, therefore, that the conventional method of centrifuging and 
separating components from whole blood is a labor-intensive, manual process. In 

2 0 addition, in order to be convenient to volunteer donors, the majority of whole blood 

collections take place, not in the blood center, but in mobile units that travel to other 
locations, such as community centers, offices and factories. Because the bags of whole 
blood must then be transported back to the blood center for processing and because of the 
need to schedule the time of laboratory personnel, many hours can elapse between the 
25 completion of the collection and the time that component separation begins. 

It should be noted that, if the plasma separated from the whole blood is to be used 
for the production of Factor VHI for transfusion to hemophiliacs, regulations require that 
the plasma separation must be completed and the plasma frozen within six hours of the 
time of the whole-blood collection. It can be demonstrated that, the sooner the plasma is 

3 0 frozen, the higher will be the recovery of Factor VHI. It should be further noted that, if 

the plasma is to be used for transfusion as Fresh Frozen Plasma, regulations require that 
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the separated plasma be placed at -1 80 C or lower within eight hours of collection from 
the donor. The practical consequence of these regulations is that blood banks must 
schedule the times of donations with the times at which laboratory personnel are available ' 
to prepare the components. 
5 In addition to the conventional method of whole blood collection and component 

separation just described, individual blood components can be collected by a process 
called apheresis. In this process, the donor is connected to a cell separator, a needle is 
inserted in the donor's arm, an anticoagulant is added to the whole blood as it is drawn 
from the donor, and the anticoagulated whole blood is pumped into the rotor of the cell 

10 separator where centrifugal force causes the components to separate. The component that 
is to be retained is directed to a collection bag and the unwanted components are returned 
to the donor. This process of drawing and returning continues until the quantity of the 
desired component has been collected, at which point the process is stopped. Apheresis 
systems are used widely for the collection of single-donor platelets and single-donor 

15 plasma. A central feature of these apheresis devices, however, is that, while they separate 
blood components at the point of collection, they require that the unwanted components 
must be returned to the donor. This, in turn, means that apheresis devices must 

incorporate a variety or sarety reatures, such as air detectors and pressure monitors, to 

protect the donor from harm while the donor is connected to the cell separator. Such 

2 0 safety mechanisms add cost and complexity to apheresis system equipment and 
disposables. 

In contrast to apheresis systems, conventional whole blood collection systems do 
not return anything to the donor but, on the other hand, neither are they able to separate 
blood components at the site of collection. There is a need, therefore, for an improved 

2 5 method of whole blood collection and the preparation of components therefrom, without 

the complexity and expense of conventional apheresis devices, and without the labor- 
intensive, manual separation process described above. 

Summary of the Invention 

3 0 The present invention provides a system for collecting and processing blood from 

a donor, wherein the system may be compact enough to be located entirely beside the 
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donor's chair, and be able to process the blood while the donor is still resting in the chair 
after having donated the blood. Thus, the separated blood components (plasma and red 
blood cells) may be stored in their individual optimum environments immediately after 
the whole blood is drawn, and the blood does not need to be transported back to a 
5 separation laboratory for processing. 

The system includes a needle (or other cannula-iike device) for insertion into a 
vein of the donor and drawing whole blood therethrough, a variable-volume rotor for 
holding the blood after it is drawn, and means for spinning the rotor so as to cause the 
blood to separate into components, for example, plasma and red blood cells. The system 

10 also provides for a container for collecting a separated component. In a preferred 

embodiment two containers are used: the first container for containing an anticoagulant, 
which is preferably added to the whole blood as it is drawn from the donor, and then for 
storing the plasma after it has been separated from the red blood cells, and the second 
container for storing the separated red blood cells. The system further includes tubing, 

15 which may have valving built into it and which may be acted on externally, so as to direct 
the blood components in the desired manner. The tubing connects the needle, the rotor, 
and the first and second containers. With the valving, the tubing is able to permit (i) the 
flow of whole blood from the needle to the rotor, (ii) the flow of anticoagulant from the 
first container to the whole blood flowing from the needle to the rotor, (iii) the flow of 

2 0 plasma from the rotor to the first container, and (iv) the flow of red blood cells from the 

rotor to the second container. The spinning means and the valving are preferably 
controlled by an electronic controller. Preferably, the system also includes pumping 
means, which is also controlled by the controller, and which forces the blood components 
out of the rotor to the tubing. The pumping means preferably includes means for drawing 
25 the whole blood into the rotor. 

The system preferably includes an interlock device, connected to the controller, 
which does not permit the pumping (or flowing) of any blood components from the rotor 
until the needle has been inserted into the interlock device. This feature ensures that the 
donor is not still connected to the system when the system is generating pressure for 

3 0 forcing blood components out of the rotor. Preferably, the controller does not permit the 

rotor to be spun until the needle has been inserted into the interlock device. 
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In a preferred embodiment, the tubing has a valve, which is connected to three 
components: to the rotor by a common tube, to the second container by a second- 
container tube, and to the first container by a first-container tube. The tubing connecting 
the first container to the rotor is preferably in fluid communication with the needle, so that 
5 whole blood can preferably flow through the first-container tube through the valve to the 
rotor. In this embodiment, the controller includes means for detecting the presence of red 
blood cells passing from the rotor to the valve means, and causes the valve means to 
direct the red blood cells to the second container upon the detection of the red blood cells. 
In one embodiment, the needle is attached to the first-container tube. 

10 In an alternative, preferred embodiment, the needle is connected to the valve 

means by a separate tube, so that the valve means is connected to four components: the 
rotor, the first and second containers, and the needle. In this embodiment, the valve 
means, in one mode, permits flow from the needle to the rotor while allowing 
anticoagulant to enter this flow at the valve means. In a second mode, the valve means 

15 permits no flow from the rotor. In a third mode, the valve means permits flow from the 
rotor to the first container, and in a fourth mode, the valve means permits flow from the 
rotor to the second container. 

In a preferred embodiment of the invention, the variable-volume rotor includes an 
elastic diaphragm and a rigid member, which together define a chamber of varying 

2 0 volume. The pumping means in this embodiment may apply gas pressure against this 

diaphragm to force blood components out of the rotor, preferably through the common 
tube through the valve to their respective containers. The pumping means also preferably 
includes means for applying a negative gas pressure against the rotors diaphragm in order 
to draw whole blood into the rotor's chamber. 
25 In a preferred procedure, the system is connected to the donor for collecting the 

whole blood from the donor, then the system is disconnected from the donor and used to 
separate the blood into its components by centrifugation. Preferably, the system first 
draws whole blood through the needle and meters anticoagulant from the first container 
into the whole blood as it enters the variable-volume rotor. The anticoagulated whole 

3 0 blood then enters the rotor. When the system detects that the desired quantity of whole 

blood has entered the rotor, the needle is withdrawn from the donor's arm, following 
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which the rotor is spun so as to separate the whole blood into plasma and red blood cells. 
After the blood components are separated, the rotor continues to spin to maintain the 
blood components in their separated state (preferably at a slower rate than that required to 
achieve the separation), and the plasma is forced out of the rotor and directed to the first 
5 container, which held the anticoagulant. Preferably, as noted above, the system is 

designed so that this forcing the plasma out of the rotor cannot take place until the needle 
is removed from the donor and inserted into an interlock device After all the plasma has 
been forced out of the rotor, the red blood cells are forced out and directed to the second 
container. 

10 In an alternative embodiment of the process, the red bipod cells are washed before 

being dispensed from the rotor. Wash solution is added to the rotor after the plasma has 
been directed from the rotor but before the red blood cells have been directed from the 
rotor. The rotor is then agitated so as to mix the wash solution and the red blood cells. 
After the wash solution and the red blood cells have been mixed, the rotor is spun again 

15 so as to separate the wash solution and the red blood cells. The separated wash solution is 
dispensed from the rotor, and then finally the washed, separated red blood cells are 
dispensed from the rotor. 

Brief Description of the Drawines 
20 FIG. 1 is a schematic of a system according to a one embodiment of the present 

invention. 

FIG. 2 shows a cross-section of a rotor and a chuck for holding and spinning the 
rotor that may be used in the present invention. 

FIG. 3 is a perspective view of FIG. 1 system. 
2 5 FIG. 4 shows the components of a disposable set for a preferred embodiment of 

the invention. 

FIG. 5 is a perspective view of a system using the FIG. 4 disposable set. 



30 



Description of Specific Embodiments 
The separator of this invention disclosure, shown schematically in FIG. 1, consists 
of a sterile, closed-system disposable set in which the blood is collected and processed 



WO 96/40319 



- 7 - 



PCT/US96/03018 



and a control unit 6 that interfaces with the disposable set and that controls the collection 
and separation process. One embodiment of the disposable set consists of a needle 72 
through which blood is drawn from the donor 70 and a bag 92 containing an anticoagulant 
such as ACD, CPD or trisodium citrate. This bag 92 serves as the storage container for 
5 the plasma or platelet-rich plasma following the processing of the blood by the system. 
The disposable set also includes a second bag 91, which may contains a red cell 
preservative solution, and into which the red cells are directed for storage following 
separation. The set further includes a variable-volume rotor 2a. These principal 
components of the system are joined by four lengths of tubing 73, two lengths of which 

10 are connected by the fitting 71 to which the needle 72 is attached, and three lengths of 
which are connected by a valve 81. Although, many different types of valves may be used 
in the present invention, one preferred embodiment of the invention uses a stopcock-type 
valve to direct the fluid in the desired manner. An alternative disposable set is shown in 
FIG. 4. In this embodiment, each of four lengths of tubing connect a valve means 82 to 

1 5 one of the other components of the disposable set, namely, the needle 72, the rotor 2a and 
the first and second containers 91, 92. 

The non-disposable portion of the system includes mechanisms for spinning the 

rotor 2a and applying pressure to the rotor 2a to force fluid out of the rotor 2a. FIG. 2 
shows the components of a preferred arrangement for spinning and pumping. A 

2 0 centrifuge chuck 4a holds the rotor 2a; the chuck 4a has a clamp 8 that holds the rotor 2a 
securely in place in the chuck, and an O-ring.35 that forms an air-tight seal. A drive 
motor SO is connected to the chuck 4a by means of a shaft 51. In order to apply pressure 
to the rotor 2a to pump fluid out of the rotor, the shaft 51 has an axial hole through its 
center 53 and is connected to a rotary pneumatic seal 55, which in turn is connected by 

2 5 tubing 59 to a compressor/vacuum pump 61 and to a controllable exhaust valve 63. Holes 

65 in the interior of the chuck 4a allow air to flow to and from the compressor/vacuum 
pump 61. 

These spinning and pumping mechanisms are preferably disposed in a control unit 
6. The control unit, as shown in FIG. 3, may also incorporate a device, such as a pump 

3 0 77, suitable for metering the anticoagulant from the anticoagulant bag 91 into the whole 

blood in the proper ratio at the distal end of the needle 72 as the blood is being drawn 
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from the donor. The anticoagulant metering mechanism 77 is also shown schematically in 
FIG. 1. 

To use the system, the rotor 2a is clamped in the centrifuge chuck 4a, as shown in 
FIG. 2, and the tubing that connects the anticoagulant bag 92 to the needle 72 is placed in 
5 the anticoagulant pump 77 or other metering mechanism, as shown in FIG. 3. The needle 
72 is inserted into a vein in the donor's arm. as shown in FIG. 1, and the anticoagulant 
metering device 77 is activated. Since the anticoagulant is metered into the whole blood 
as it is drawn, anticoagulant shock to the red cells is minimized. The anticoagulated 
blood flows from the donor, through the tubing and into the rotor 2a by a combination of 
1 0 gravity and venous pressure and, if needed, by vacuum from the compressor/vacuum 
pump 61. The pump 61 may be designed with a safe maximum drawing vacuum to avoid 
exposing the donor to high drawing vacuums. The amount of blood collected may be 
determined by weighing the rotor 2a, or, alternatively, whole blood may be allowed to 
flow into the rotor 2a until the rotor is full, at which point the collection can be stopped. 
15 It should be noted that, while a standard unit of whole blood is defined by 

regulations in the United States and in other countries as equal to 450 ml +/- 45 ml, the 
definition of a unit of whole blood may be defined differently in some ot h.r m,.^.. Tn 



* e Present invention, the system may be designed and manufactured to comply with 
whatever definition is appropriate. 
2 0 When the desired amount of whole blood (usually one unit) has been collected, a 

tubing clamp 78 (shown in FIG. 3 and schematically in FIG. 1) occludes the tubing 
leading to the needle 72. The needle 72 is then withdrawn from the donor's arm 70, and 
the needle 72 is then inserted into an interlock slot 67 in the control unit 6. This interlock 
slot 67 assures that component processing cannot begin until the needle 72 has been 

2 5 removed from the donor's arm 70 and thereby eliminates the need for donor-protection 

safety devices such as air sensors and pressure detectors. (This interlock slot may also 
include a sharps-disposal feature, which removes the needle 72 from the disposable set in 
a safe manner so that there is no risk to personnel of contamination.) 

At this point, the rotor 2a contains approximately one unit of anticoagulated whole 

3 0 blood and the elastic wall 31 of the rotor is fully distended so that it is in contact with the 

interior surface of the chuck 4a and conforms to the shape of the chuck. The motor 50 is 
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then activated, and the separation of the blood components begins. As the rotational 
speed of the chuck 4a increases, the red cells, which are the heaviest component, are 
forced to the outer periphery of the rotor 2a, while the platelets and plasma, which are 
lighter, are nearer the center of rotation. The blood is subjected to centrifugal force for 
5 only as long as is necessary to separate the red ceUs from the platelet-rich plasma. 

When the separation is complete, the compressor 61 begins to pump compressed 
air into the chuck 4a. When the air pressure outside the elastic wall member 31 exceeds 
the fluid head from the radius of the elastic wall member 31 to the skirt of the collector 
46, the platelet-rich plasma begins to flow out of the rotor 2a and into the bag 92 from 
10 which the anticoagulant had been metered into the whole blood. The rotational speed of 
the chuck 4a may be reduced at this point in the process to a level that is just high enough 
to maintain component separation. Reducing the rotational speed has the effect of 
reducing the amount of air pressure necessary to overcome the fluid head described above. 
The air pressure causes the elastic wall member 31 of the rotor 2a to change its 
15 shape to accommodate the gradual reduction of the volume of fluid in the rotor 2a. When 
all of the platelet-rich plasma has been forced out of the rotor 2a, an electro-optical device 
75 on the outlet line from the rotor d etects the pres e nce of r e d cells in t he tubing and 



causes valve 81 to close the line leading to the plasma bag 92 and open the line leading to 
the red cell storage bag 91, which may contain storage solution for the long-term storage 
2 0 of red blood cells. (A portion of the valve 81 may be made part of the disposable portion 
of the system and be acted upon by the control unit 6 to direct flow towards either bag 91, 
92.) At this point, the rotor 2a can be brought to a full stop. The compressor 61 
continues pumping compressed air into the space between the chuck 4a and the elastic 
wall member 31 until all of the red cells have been forced out of the rotor 2a and into the 
2 5 red cell storage bag 91. At this point, the machine stops. The attendant then seals the 
lines leading to the two storage bags 91, 92 and disconnects them from the rotor 2a. All 
of the parts of the processing set, other than the two storage bags 91, 92, are then disposed 



of. 



The embodiment shown in FIG. 5, which uses the disposable set of FIG. 4, works 
30 in a similar manner. The valve means 82 in the FIG. 4 disposable set has four modes: in 
the first mode, it permits the flow of whole blood from the needle 72 to the rotor 2a while 
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metering anticoagulant from the first container 92 into the whole blood; in the second 
mode, it permits no flow out of the rotor 2a; in its third mode, the valve means 82 permits 
flow of plasma from the rotor 2a to the first container 92; and in its fourth mode, it 
permits flow of red cells from the rotor 2a to the second container 91. When the rotor 2a 
5 is full, the control unit 6 urges the valve means 82 into its second mode to prevent flow 
out of the rotor 2a or to the needle 72. The needle 72 is then withdrawn from the donor's 
arm 70, and inserted into an interlock slot 67 in the control unit 6. The insertion of the 
needle 72 into the interlock slot 67 allows the component processing to continue. The 
motor 50 is then activated, and the separation of the blood components begins. 

10 When the separation is complete, the valve means 82, moves to its third mode, 

wherein it permits flow from the rotor 2a to the first container 92. The compressor 61 
begins to pump compressed air into the chuck 4a, in order to force the separated plasma to 
the first container 92. As in the FIG. 3 embodiment, the rotational speed of the chuck 4a 
may be reduced at this point in the process to a level that is just high enough to maintain 

15 component separation. When all of the platelet-rich plasma has been forced out of the 
rotor 2a, an electro-optical device 75 on the outlet line from the rotor detects the presence 

of red cel ls a nd cause s v a lve 82 to enter the fourth mode, ther e by closing the line l e ading 

to the plasma bag 92 and opening the line leading to the red cell storage bag 91, which 
preferably contains a red-cell preservative solution. Either or both of the lines leading to 

2 0 the containers may include filters, in order to Filter the plasma or red blood cells as they 

are sent to the container. At this point, the rotor 2a can be brought to a full stop. The 
compressor 61 continues pumping compressed air into the space between the chuck 4a 
and the elastic wall member 31 until all of the red cells have been forced out of the rotor 
2a and into the red cell storage bag 91. The machine then stops, and the lines leading to 
25 the two storage bags 91, 92 are sealed and disconnected from the rotor 2a. 

Recently published statistics indicate that platelet needs of patients are 
increasingly being met with single-donor platelets collected by apheresis rather than with 
pooled, random donor platelets separated from whole blood. As a consequence, the trend 
in blood banking is to process whole blood into just two components, namely, packed red 

3 0 blood cells (RBCs) and plasma. The system described above can also be used to separate 

platelets and to prepare platelet-poor plasma. 
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For example, the system can be used to collect packed RBCs and platelet-poor 
plasma (PPP) by running the centrifuge either longer or at a higher speed or both prior to 
pumping in compressed air to displace the plasma. The additional centrifugal force 
causes the platelets to sediment out of the plasma, so pure plasma is collected in the 
5 plasma bag. 

If the blood bank desires to collect platelets, RBC and plasma all in separate bags, 
a third bag is needed in the disposable set. In this version of the system, the blood is 
centrifuged hard enough to have the platelets form a layer on the RBC. The compressed 
air displaces first the plasma and then the platelets prior to displacing the RBC. When the 
10 electro-optical device senses the presence of the platelets, the device closes the valve to 
the plasma bag and opens the valve to the platelet bag. Then, when the electro-optical 
device senses RBCs, the device closes the valve to the platelet bag and opens the valve to 
the RBC bag. 

The system described herein can also be used to separate the buffy coat, which 
15 contains white blood cells (WBCs), platelets, and some red cells. To collect the buffy 
coat, the system senses when the platelets are exiting from the spinning rotor. The 
effluent from the rotor is then directed into a separate bag until such time as the system 
detects that only red cells are exiting trom the rotor. After the red cells have been 
removed from the rotor, the buffy coat can be further processed, if desired, to separate the 

2 0 platelets for transfusion. 

In any centrifugation process, it is inevitable that some WBCs remain with the 
RBCs. There is increasing evidence that it is desirable to remove as many of the WBCs 
from the RBCs as possible prior to transfusion of the RBCs. Depletion of the WBC 
content of the RBCs can be accomplished by means of the buffy coat method described 
25 above. Alternatively, the disposable set can incorporate an integral WBC filter through 
which the RBCs are passed before being directed to the RBC storage bag 91. 

Alternate versions to the systems described above would have the centrifuge 
spinning during the collection phase so that the blood would be essentially already 
separated when the needle is removed from the donor. The interlock 67 still presents 

3 0 compressed air from being pumped into the rotor to express the components into their 

respective bags while the needle 72 is still in the donor's arm. 
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Research has shown that washing red cells after separation from whole blood may. 
result in lower white cell contamination and also may permit the red cells to be stored in 
the liquid state (i.e., not frozen) for up to 10 weeks. If it were desired to wash the red 
cells after separation, this could be accomplished with the separator by the use of an 
5 alternative disposable set that includes a bag of wash solution, such as saline, and a waste 
bag--or the wash-solution bag may double as the waste bag. The component separation 
would proceed as described above, but when the electro-optical device detects RBCs 
emerging from the rotor, instead of diverting them to the RBC bag as above, it would 
initiate the wash cycle. 

10 In the wash cycle, the chuck is vented to atmosphere and brought to a stop. The 

valve to the wash-solution bag would be opened, allowing wash solution to enter the 
rotor, and the rotor would be agitated slowly back and forth. When the rotor was full and 
the RBCs thoroughly mixed with the wash solution, the centrifuge would restart. After 
sufficient time for the RBCs to be fully separated from the wash solution, the valve to the 

15 waste bag (which may be the wash-solution bag) would be opened and, as in the above 
systems, compressed air would be pumped into the rotor, forcing the wash solution out 
into the waste bag. When the electro-optical device detected RBCs emerging from the 
rotor, the valve to the waste bag would be closed and the RBCs diverted to their own 
collection bag. Other wash techniques may also be used. 

2 0 Although the invention has been described with reference to several preferred 

embodiments, it will be understood by one of ordinary skill in the art that various 
modifications can be made without departing from the spirit and the scope of the 
invention, as set forth in the claims hereinbelow. 
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• What is claimed is: 

1. A system for collecting and processing blood from a donor, the system 
comprising: 

venous-access means for drawing whole blood from the donor therethrough; 
5 a variable-volume rotor capable of holding the blood; 

means for spinning the rotor so as to cause the blood to separate into plasma and 
red blood cells; 

a first container for containing anticoagulant and storing the separated plasma; 
a second container for storing the separated red blood cells; 
10 flow means for connecting the venous-access means, the rotor, and the first and 

second containers; and 

a controller for controlling the spinning means and the flow means. 

2. A system according to claim 1 , further including an interlock device, 
15 connected to the controller, wherein the controller does not permit flow from the rotor 

until the venous-access means has been inserted into the interlock device. 



3. A system according to claim 2, wherein the controller does not permit the 
rotor to be spun until the venous-access means has been inserted into the interlock device. 

20 

4. A system according to claim 2, wherein the flow means includes means for 
permitting (i) the flow of whole blood from the venous-access means to the rotor, (ii) the 
flow of anticoagulant from the first container to the whole blood flowing from the venous- 
access means to the rotor, (iii) the flow of plasma from the rotor to the first container, and 

25 (iv) the flow of red blood cells from the rotor to the second container. 

5. A system according to claim 4, wherein the flow means includes valve . 
means, which is connected to the rotor by a common tube, to the first container by a first- 
container tube, to the second container by a second-container tube, and to the venous- 

3 0 access means by a venous-access tube. 



WO 96/40319 PCT/US96/03018 

- 14 - 



6. A system according to claim 5, wherein the controller includes means for 
detecting the presence of red blood cells passing from the rotor to the valve means, and 
means for causing the valve means to direct the red blood cells to the second container 
upon the detection of the red blood cells. 

5 

7. A system according to claim 4, wherein the flow means includes valve 
means, which is connected to the rotor by a common tube, to the second container by a 
second-container tube, and to the first container by a first-container tube, which is in 
direct fluid communication with the venous-access means. 

10 

8. A system according to claim 1, wherein the flow means includes pumping 
means for urging flow from the rotor, wherein the pumping means is controlled by the 
controller to start pumping after the rotor has been spun sufficiently to separate the plasma 
and red blood cells. 

15 

9. A system according to claim 8, wherein the controller does not permit the 

pumping means to urge flow from the rotor until the venous-access means has been 

inserted into an interlock device. 

20 10. A system according to claim 9, wherein the rotor includes an elastic 

diaphragm mounted on a rigid mounting member, the diaphragm and the mounting 
member defining a chamber of varying volume for containing the blood, and wherein the 
pumping means includes means for applying a pressure against the diaphragm in order to 
urge flow from the rotor. 

25 

11. A system according to claim 10, wherein the pumping means includes 
means for applying a negative pressure against the diaphragm in order to urge whole 
blood from the donor into the rotor. 
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12. A system according to claim 10, further including means, controlled by the 
controller, for metering the flow of anticoagulant from the first container to the whole 
blood flowing from the venous-access means to the rotor. 

5 13. A method of collecting into a collection system a volume of whole blood 

from a donor, disconnecting the donor from the collection system, and using the 
collection system to separate the blood into its components by centrifugation. 

14. A method according to claim 13, wherein the blood is collected and 
1 0 processed in a variable-volume rotor. 

15. A method according to claim 14, further including the step of providing an 
interlock device to prevent the collection system from urging processed blood components 
from the rotor until the donor has been disconnected from the collection system. 

15 

16. A method of collecting and processing blood from a donor, the method 
comprising the steps of: 

drawing a volume of whole blood from a donor through venous-access means; 
directing the whole blood from the venous-access means to a variable-volume 

20 rotor, 

spinning the variable-volume rotor so as to separate the whole blood into 
components; and 

directing a component from the rotor to a First container. 

17. A method according to claim 16, wherein the blood is separated into 
plasma and red blood cells, and the system further including the steps of: 

directing the plasma from th . rotor to the first container, and 
directing the red blood cells from the rotor to a second container. 

18. A method according to claim 17, further including the step of adding 
anticoagulant from the first container to the whole blood. 



25 



30 
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19. A method according to claim 18, wherein red-blood-cell storage solution is 
contained in the second container. 

20. A method according to claim 17, further including the steps of: 

5 adding wash solution to the rotor after the plasma has been directed from the rotor 

but before the red blood cells have been directed from the rotor; 

agitating the rotor so as to mix the wash solution and the red blood cells; 
after the wash solution and the red blood cells have been mixed, spinning the rotor 
so as to separate the wash solution and the red blood cells; and 
1 0 directing the separated wash solution from the rotor. 

21. A method according to claim 20, further including the step of removing the 
venous-access means from the donor after the whole blood has been collected and before 
any fluid is directed from the rotor. 

15 

22. A method according to claim 16, further including the step of removing the 
venous-access means from the donor after the whole blood has been collected and before 
any fluid is directed from the rotor. 

20 23. A method of collecting and processing blood from a donor, the method 

comprising the steps of: 

drawing whole blood from a donor through venous-access means; 
adding anticoagulant from a first container to the whole blood; 
directing the whole blood from the needle means to a variable-volume rotor; 
2 5 spinning the variable- volume rotor so as to separate the whole blood into plasma 

and red blood cells; 

directing the plasma from the rotor to the first container; and 
directing the red blood cells from the rotor to a second container. 



WO 96/40319 



- 17 - 



PCT/US96/03018 



24. A method according to claim 23, further including the step of removing the 
venous-access means from the donor after the whole blood has been collected and before 
any fluid is directed from the rotor. 

5 25. A method according to claim 23, wherein red-blood-cell storage solution is 

contained in the second container. 

26. A system for controlling a disposable set used in collecting and processing 
blood from a donor, the disposable set including venous-access means, a collection 

1 0 container, a variable-volume rotor, and tubing means connecting the venous-access 

means, the collection container and the rotor, wherein the tubing means may be actuated 
in order to direct flow through the tubing, the system comprising: 

means for spinning the rotor so as to cause the blood to separate into components; 
valve-actuation means for acting on the tubing means and permitting the flow of 
15 whole blood from the venous-access means to the rotor, and the flow of a component 
from the rotor to the collection container; 

pumping means for urging flow out of the rotor; and 

a controller for controlling the spinning means, the valve-actuation means and the 
pumping means, wherein the controller includes an interlock device that prevents 
20 activation of the pumping means until the needle is inserted into the interlock device. 

27. A system according to claim 26, further including means for metering 
anticoagulant from an anticoagulant container to whole blood flowing from the venous- 
access means to the rotor. 

25 

28. A system according to claim 27, wherein the collection container is the 
anticoagulant container, and wherein the controller includes means for causing the valve- 
actuation means to direct separated plasma to the anticoagulant container. 

3 0 29. A system according to claim 26, wherein the valve-actuation means 

includes means for permitting the flow of anticoagulant into the whole blood flowing 
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from the venous-access means to the rotor, and the flow of a second component to a 
second collection container. 

30. A system according to claim 29, wherein the blood is separated into plasma 
5 and red blood cells, and wherein the plasma is directed to the first collection container and 

the red blood cells to the second collection chamber. 

31. A system according to claim 26, wherein the pumping means includes 
means for drawing whole blood into the rotor. 

10 

32. A disposable blood-processing set adapted to collect and separate a volume 
of whole blood, the set comprising: 

a variable volume centrifuge rotor, 
a container for storing a separated blood component; 
15 venous-access means; and 

tube means for connecting the rotor, container and venous-access means. 



33. A set according to claim 32, further including a second container. 

20 34. A set according to claim 33, wherein the second container contains a red- 

blood-cell preservative. 

35. A set according to claim 34, wherein the first container contains an 
anticoagulant. 
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